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Abstract Rab11a is a member of the rab-branch of the ras-like
small GTP-binding protein superfamily that is associated with
both constitutive and regulated secretory pathways. Using a
direct procedure for cDNA cloning of small ras-related
GTPases, that is based on the screening of eukaryotic cDNA
expression libraries using [K-32P]GTP as a probe, we have
isolated two cDNA clones encoding rab11a. Both clones share
identical coding sequences, but differ in the length and sequence
of their 3P untranslated regions (3P-UTR). Northern blot
hybridisation analysis of various human tissues revealed indeed
two mRNA species with lengths of 1.0 and 2.3 kb, respectively.
Sequence analysis of the cDNAs identified two different putative
polyadenylation signals (AATAAA) at positions 927 and 2302 of
the larger transcript. In addition, the 3P-UTR of the larger
transcript exhibited several AU-rich elements (ARE) that are
believed to control gene expression by regulating the rate of
mRNA degradation. Southern blots of human DNA digested
with several rare restriction enzymes, and separated by pulse-
field gel electrophoresis, yielded the same macro-restriction
fragment pattern when hybridised with probes that discriminate
between the two transcripts. Taken together, these findings imply
that the two mRNA species originate from a single gene, which
we have mapped to 15q21.3-q22.31, by the use of diferent
polyadenylation sites. As expected, both rab11a-cDNAs yielded
the same protein product when transiently expressed in COS-1
cells, and surprisingly, upregulated the proteome expression
profile (de novo synthesis or posttranslational modification of
preexisting proteins) of a few other, yet unknown GTP-binding
proteins.
z 1998 Federation of European Biochemical Societies.
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1. Introduction
The small ras-related GTP-binding proteins constitute a
large superfamily, that has been grouped into several main
branches according to their sequence homologies and func-
tional features: ras-, rho/rac-, rab/ypt-, ran/tc4-, and arf-sub-
families [1^3]. Recently, a novel branch of the ras-superfamily
has been identi¢ed, two homologues of which, termed rheb,
have been cloned in rat [4] and in human [5]. The Rab/Ypt
subgroup is perhaps the largest branch of the superfamily as it
comprises more than thirty proteins [6], some of which may be
key signal components of the pathways that regulate vesicular
transport in eukaryotic cells [7,8]. Members of the rab-sub-
family show cell type dependent variations in cell expression,
as well as di¡erential distribution to distinct intracellular com-
partments and organelles that perform multiple sorting func-
tions [9].
The YPT3-related rab11 protein is probably one of the less
studied members of the rab-subgroup. Four mammalian
cDNA encoding rab11 from human [10], dog [11], rat [12]
and rabbit [13] have been cloned and found to be identical
to each other. A novel variant, that shared 89% identity to
rab11, was recently described in mice and named rab11b [14].
Moreover, a human homolog of rab11b has also been identi-
¢ed strengthening the contention that there are at least two
types of rab11 genes in mammalian cells [15]. To distinguish
between them, the mammalian YPT3-related rab11 protein
has been renamed rab11a [14]. The rab11b genes have been
mapped to mouse chromosomes 1 and 17 [14], but the chro-
mosome location of rab11a remains unknown.
The functional role of the rab11 genes in protein tra⁄c is
still poorly understood, although there is evidence that it is
associated with both constitutive and regulated secretory
pathways [16]. Immunohistochemical studies have shown
that rab11a is enriched in rabbit parietal cells, and have re-
vealed an association with intracellular tubulovesicles [17].
Interestingly, transcription of the mammalian rab11a gene
yields two mRNAs (1 and 2.3 kb) as determined by Northern
blotting [11,18], while transcription of the rab11b gene yields
only a single species of 1.8 kb [14]. Studies of various mam-
malian cell lines have shown that rab1, 5, 10 and 11 exhibit
two transcripts of di¡erent size when hybridised with the cor-
responding cDNA probes, while rab2, 4 and 7 yield three
[11,19]. To date, several mechanisms have been shown to
lead to the generation of di¡erent transcripts from the same
gene: these include (i) the selection of di¡erent polyadenyla-
tion sites, (ii) the use of alternate transcription start codons
and (iii) di¡erential splicing. So far, however, the mechanism
underlying the generation of multiple transcripts observed in
many of the rab genes remains unsolved.
Here we report the isolation of two cDNAs encoding hu-
man rab11a, and show that the two observed transcripts orig-
inate from a single gene mapping to 15q21.3-q22.31, by the
alternative use of two polyadenylation signals. In addition, we
present data showing that the overexpression of rab11a in
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COS-1 cells a¡ects the levels of expression of other small
GTP-binding proteins.
2. Materials and methods
2.1. Cultured cells and labeling with [35S]methionine
COS-1 monkey kidney cells [20] were grown in Dulbecco’s modi¢ed
Eagle’s medium (DMEM) supplemented with 10% (v/v) fetal calf
serum and antibiotics (penicillin at 100 U/ml and streptomycin at
50 Wg/ml). COS-1 cells were labeled for 14 h in DMEM medium
lacking methionine and containing 10% dialyzed fetal calf serum
and 1 mCi of [35S]methionine per ml.
2.2. Screening of cDNA libraries with [K-32P]GTP
An oligo-dT primed expression cDNA library was constructed in
phage V ZAPII (Stratagene) using poly(A) RNA from whole human
epidermis. Screening of plated libraries with [K-32P]GTP was carried
out as previously described [5]. Brie£y, ampli¢ed phages (600^2000
bp) were plated on 500-cm2 dishes at a density of approximately
125 000 pfu per plate, using the bacterial strain LE 392 (Stratagene).
As soon as the plaques were visible, they were overlaid with nitro-
cellulose membranes (Amersham) for 12 h. Prior to overlay, the mem-
branes were soaked in 10 mM IPTG and dried. Thereafter, the nitro-
cellulose replica was washed two times in a solution containing 50
mM Tris-HCl, 0.3% Tween 20 or NP-40, pH 7.5 to remove the at-
tached bacterial lawn and to reduce the high viscosity resulting from
bacterial lysis. The ¢lters were then incubated in 2% SDS/100 mM
DTT for 15 min at 50‡C. The replica was then washed three times
with 25 mM Tris/190 mM glycine bu¡er, pH 8.3 containing 20%
methanol (25 min per wash) to remove SDS, and subjected for [K-
32P]GTP blot overlay assay as described [21]. Following removal of
the nitrocellulose ¢lters from the plates, replicas were taken using
nylon membranes which were then used for hybridization with pre-
viously identi¢ed cDNAs. Several random labeled cDNAs were hybri-
dized at the same time. The corresponding DNA hybridization auto-
radiographs were then superimposed with the 32P X-ray ¢lms
containing all the clones revealed by the [K-32P]GTP-binding assay.
After picking the ¢rst round of clones, the plates were placed at
370‡C for subsequent isolation of additional clones.
2.3. DNA sequencing
Cloned cDNAs were rescued as pBluescript plasmid using the au-
tomatic excision process of V ZAP. The fragments were sequenced by
automatic sequencing using the ALF system (Pharmacia).
2.4. Pulse-¢eld gel electrophoresis, Southern transfer and hybridisation
Total genomic DNA was isolated from human lymphocytes and
digested with several rare restriction enzymes. Pulse-¢eld gel electro-
phoresis (PFGE) was carried out in 1% agarose gel using the Bio-Rad
Mapper system at 13‡C for 28 h. We used a voltage gradient of 6 V/
cm with the switch time ‘ramped’ linearly from 20^90 s in the two-
state mode. Southern transfer and hybridization were performed as
described in the Bio-Rad manual for PFGE. Radioactive probes were
prepared by using the Megaprime labeling kit (Amersham).
2.5. Fluorescence in situ hybridization (FISH)
FISH using the biotin-labeled 2.3-kb rab11a cDNA clone (rab11a-
2.3), with corresponding DAPI-banding and measurement of the rel-
ative distance from the short arm telomere to the signals (FLpter
value), was performed as described previously [22].
2.6. Radiation hybrid mapping
The 86 GeneBridge4 clones for radiation hybrid (RH) mapping
[23] were obtained from the Human Genome Mapping Project
Resource Center (UK MRC HGMP-RC) (http://www.hgmp.mrc.
ac.uk/homepage.html). Primers used for RH-mapping were: a1: 5P-
TCTCCCCTAGAAGGCTGTGT-3P and a2: 5P-TCATTCGGGA-
CAAGTGGAT-3P, amplifying a 164-bp fragment in the 3P-UTR re-
gion of the rab11a gene (position 755^919 of the rab11-1 clone). A
second set of primers, b1: 5P-CCACTTGTCCCGAATGACT-3P and
b2: 5P-CTCTGTGGCAAAATGGTAGC-3P, amplifying a 224-bp
fragment originating in the 3P-region shared between the two clones,
but extending into the unique region of clone rab11-2.3 (position 868^
1092 of the rab11-2.3 clone) were synthesized (Pharmacia). Both pri-
mer sets were designed using OLIGO software (National Biosciences)
[24]. PCR was performed on a PTC-225 DNA Engine Tetrad thermo-
cycler (MJ Research) for 40 cycles at 95, 55 and 72‡C. Each step in
the thermocycling program was 20 s. Thermocycling was preceded by
a pre-denaturation step at 95‡C, 5 min. Succeeding thermocycling,
reactions were incubated at 72‡C, 5 min. PCR were done in standard
PCR bu¡er (Perkin Elmer) with 10 pmol of each primer, 10 nmol
dNTP (Pharmacia) and 0.5 U AmpliTaq (Perkin Elmer) in a total
volume of 15 Wl. Gel-loading bu¡er at ¢nal concentrations of
0.2 mM cresol red and 12% sucrose, were included in the reaction
bu¡er [25]. Fragments were electrophoresed on a 2% agarose gel
(FMC) and photographed. By visual inspection of the gel, PCR prod-
ucts of correct length were scored as positives while PCR products of
incorrect length or absent were scored as ambiguities or negatives.
Mapping was performed using the UK MRC HGMP-RC interface
to the Whitehead Institute/MIT Center for Genome Research’s RH
mapping facility (http://www.hgmp.mrc.ac.uk/homepage.html; http://
www-genome.wi.mit.edu/cgi-bin/contig/rhmapper.pl). Following map-
ping, markers neighboring or coinciding with the RH data vector
were looked up using the ENTREZ genome database browser at
the National Center for Biotechnology Information (NCBI) (http://
www.ncbi.nlm.nih.gov/Entrez/Genome/org.html), and the chromoso-
mal location documented.
2.7. Northern blot hybridization
32P-labeled cDNA was generated by random priming (Megaprime
labeling kit, Amersham), and used for hybridization. mRNA tissue
distribution was analysed using a multiple tissue Northern blot ob-
tained from Clontech.
2.8. Transient expression of rab11a cDNAs in COS-1 cells
The full length rab11a cDNAs containing the entire coding region
were subcloned into the pMT21 vector [26], and transiently trans-
fected into COS-1 cells using the LipofectAmine reagent (Gibco-
BRL, Life Technology) according to the manufacturer’s description.
2.9. 2D gel electrophoresis and [K-32P]GTP blot overlay procedure
2D gel electrophoresis [27], blotting [28], and the GTP blot overlay
procedure [21] were performed according to published procedures.
3. Results and discussion
3.1. Isolation and sequencing of two cDNAs encoding rab11a
Using a direct approach for the cloning of small GTP bind-
ing proteins [5], we identi¢ed and sequenced two cDNAs cod-
ing for rab11a having sizes of 1 kb (rab11a-1) and 2.3 kb
(rab11a-2.3), respectively. Sequence alignment showed that
the region of overlap between the two cDNAs (951 bp) was
identical, and corresponded to a published sequence of human
rab11a [10]. The rab11a-2.3 cDNA on the other hand exhib-
ited 1372 bp of additional sequence distal to the 3P end of
rab11a-1, and represented a novel cDNA encoding for this
protein (Fig. 1). Two distinct canonical polyadenylation
sites are present in rab11a-2.3 at positions 926 and 2303, the
¢rst being common for both cDNAs. Taken together these
FEBS 20372 18-6-98
C
Fig. 1. Sequence alignment of the coding and 3P untranslated regions of two types of cDNAs encoding rab11a. The sequences from nucleotide
1^951 (rab11a-2.3), including the coding regions, are identical in both cDNAs. The Rab11a-2.3 kb cDNA has an additional 3P-UTR sequence
of 1372 bp in length. Two putative polyadenylation signals (AATAAA) are underlined. Several motifs corresponding to the AU-rich elements
(ATTTA) are indicated with asterisks. The EcoRI site at position 1313 was used to cut the rab11a-2.3 kb 3P-UTR fragment. The regions of the
rab11a cDNAs used as a probe for Northern and Southern hybridisation (see Figs. 2 and 3) are indicated on the right.
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data suggest that the di¡erential processing of the rab11a
primary transcript could generate two mature mRNAs due
to the use of the alternative polyadenylation sites in the pre-
mRNA.
Sequence analysis also revealed that the 3P untranslated
region (3P-UTR) of the larger transcript contains a high level
of adenine and thymidine, as well as several adenylate/uridy-
late-rich elements (ARE) which are believed to represent the
most common determinant of RNA stability in mammalian
cells [29,30]. It is well established that the rate of mRNA
degradation can be determined in part by speci¢c AREs
that are found in the 3P-UTR of many messenger RNAs cod-
ing for proto-oncogenes, transcription factors and cytokines
[30]. There are two common structural features among the
di¡erent AREs: (i) a high content of adenylate and uridylate
residues, and (ii) the presence of various copies of an
AUUUA pentanucleotide [31]. The corresponding sequence
motif ATTTA is repeated three times within the 3P-UTR of
rab11a-2.3 cDNA (Fig. 1). However, as the presence of
AUUUA motif(s) in mRNA does not guarantee a destabiliz-
ing function of ARE [30], it is not clear whether these sequen-
ces play a role in the stability of the large rab11a-2.3 tran-
script.
3.2. Northern blot analysis of rab11a
To determine the relation between the two rab11a cDNAs
and the transcripts revealed by Northern hybridisation with
rab11a, we examined a number of human tissues using two
probes speci¢c for rab11a-1 and rab11a-2.3 cDNAs, respec-
tively (Fig. 1). As shown in Fig. 2, hybridisation with the 32P-
labeled rab11a-1 cDNA (probe 1, see Fig. 1) revealed two
major mRNA transcripts with lengths of 1 kb and 2.3 kb
(Fig. 2A) in line with earlier observations [11,18]. To assess
the identity of the larger rab11a mRNA (2.3 kb), we cut the
3P-UTR portion of the rab11a-2.3 cDNA using the EcoRI site
at position 1312 (probe 2, see Fig. 1), and used it to probe the
same blot. Rehybridisation of the ¢lter with probe 2 detected
only the larger transcript (2.3 kb) in all tissues (Fig. 2). It may
be concluded, therefore, that the two rab11a mRNA species
most likely result from the use of the two di¡erent polyade-
nylation signals at positions 927 and 2302, respectively. As
seen in Fig. 2, an additional weak band is also visible on
the blot reacted with both probes suggesting the existence of
a larger size rab11a transcript that may be di¡erentially
spliced from the same gene. However, the possibility that
the largest mRNA piece may be a product of a highly related
gene cannot be ruled out.
Presently, we have no information as to the functional im-
plications of having two messengers encoding rab11a,
although the presence of putative ARE elements in the 3P-
UTR of the larger transcript as well as the variation of their
relative abundance in di¡erent tissues point towards mecha-
nism(s) by which cellular localisation and/or decay of the two
rab11a mRNAs may be di¡erentially regulated. The impor-
tance of the 3P untranslated region in cytoplasmic regulation
of mRNA function has been well documented ([31], and refer-
ences therein), in particular, 3P-UTRs have been shown to
signal many events in mRNA metabolism, i.e. intracellular
localisation [32], control of polyadenylation [33], and regula-
tion of degradation [29,30]. Other functions associated with
the 3P-UTR have been reported that include growth control
and di¡erentiation of myoblasts [34].
As shown in Fig. 2, both rab11a mRNAs are ubiquitously
expressed in human tissues, but their relative abundance var-
ied markedly. The highest level of both transcripts was ob-
served in heart and the lowest in liver. The level of the larger
2.3-kb mRNA is higher in brain and lung as compared to
placenta and heart, where the smaller 1-kb transcript is rela-
tively more abundant. The level of both transcripts was more
or less the same in skeletal muscle, kidney and pancreas.
Whether the di¡erences in levels are due to preferential
poly(A) site selection, and/or tissue speci¢c e¡ects on the
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Fig. 3. Southern blot analysis of DNA fragments resolved by pulse
¢eld electrophoresis. Intact total DNA was isolated from normal
human lymphocytes, digested with S¢I and NotI, and separated by
pulse-¢eld gel electrophoresis. DNA fragments were then transferred
to Hybond N membrane and hybridized with (A) 32P-labeled
rab11a-1 kb cDNA and (B) the rab11a-2.3 kb 3P-UTR cDNA frag-
ment The ¢lters were then washed under high stringency conditions,
i.e. 0.1% SSPE/1% SDS at 65‡C for 1 h. Size markers are shown on
the left.
Fig. 2. Rab11a gene transcripts in adult human tissues. A multiple
tissue Northern blot (Clontech) containing 2 mg of pure poly(A)
RNA per line was ¢rst hybridized with 32P-labeled rab11a-1 kb
cDNA (probe 1), washed under high stringency, and exposed to X-
ray ¢lms at 380‡C using an intensifying screen (A, left panel). The
¢lter was then washed in 0.1% SDS at 100‡C for 3 min to remove
the probe, and rehybridised with the 32P-labeled fragment designed
from the 3P-UTR of rab11a-2.3 kb cut using the EcoRI site at posi-
tion 1313 (probe 2) (B, right panel). The samples were: heart, brain,
placenta, lung, liver, skeletal muscle, kidney and pancreas.
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stability, translatability, and cellular localisation of each
mRNA species remains to be elucidated.
3.3. The two mRNA species encoding rab11a originate from a
single gene that maps to 15q21.3-q22.31
From the data presented above it may be concluded that
the two rab11a transcripts arise from the di¡erential use of
polyadenylation sites. However, the data does not rule out the
possibility of having several copies of rab11a gene in the hu-
man genome. For example, two copies of the rab11b gene, the
close homologue of rab11a (89% of identity) have been re-
cently mapped to mouse chromosomes 1 and 17 [14]. To ad-
dress this possibility we analysed the rab11a genomic locus by
Southern hybridization of large DNA fragments resolved by
pulse-¢eld gel electrophoresis. Intact genomic DNA was iso-
lated from human leukocytes and digested using the rare cut-
ting restriction enzymes S¢I and NotI. The resulting large
DNA fragments were resolved by pulse-¢eld electrophoresis
and transblotted to Nylon N-plus membranes as described in
Section 2. Southern blot analysis of the DNA fragments was
carried out using the same probes that were used for Northern
hybridisation (see above). The DNA blot was ¢rst hybridized
with rab11a-1 cDNA (probe 1) and exposed to an X-ray ¢lm.
Following autoradiography, the ¢lter was washed, checked by
autoradiography and rehybridized with the 3P-UTR portion
of the large rab11a cDNA 2.3 kb (probe 2). As shown in Fig.
3, identical macro-restriction fragment patterns were obtained
with the two probes, as both markers hybridized to common
500-kb NotI and 50-kb S¢I fragments. From these data, we
concluded that the genomic regions encoding for the two dif-
ferent transcripts of rab11a are physically located within a
DNA fragment of less than 50 kb, and therefore most likely
originate from the single gene.
Chromosome mapping of the rab11a gene was carried out
both by radiation hybrid mapping and FISH as described in
Section 2. Both primer sets mapped within 30.00 cR
(lods 3.0) to a published STS, i.e. NIB1778 [35], which is
located within chromosomal region 15q22-15q24. Likewise,
by FISH using rab11a-2.3 cDNA as a probe, speci¢c signals
were observed on the long arm of chromosome 15, with 32 of
41 analysed metaphases displaying at least one speci¢c signal,
and with 52 of 164 chromatids being labeled, with 15, 14, 3
and 0 metaphases showing speci¢c signals on 1, 2, 3, and 4
chromatids, respectively. The FLpter value based on the
measurement of 14 signal bearing chromosomes was
0.55 þ 0.05, corresponding to a localization at 15q21.3-22.31
(Fig. 4). Other speci¢c labeled regions were not observed. The
same localization was obtained with the rab11a-1 probe,
although with a lower frequency of signals (data not shown).
Thus, the radiation hybrid mapping and FISH mapping con-
¢rmed the presence of a single RAB11A-locus on chromo-
some 15, where the FISH-mapping places the gene in the
proximal part of the region (15q21.3-q22.31) delineated by
radiation hybrid mapping.
3.4. Overexpression of rab11a in COS-1 cells a¡ects the levels
of a few host GTP-binding proteins
Transient transfection of COS-1 cells with the pMT21-
rab11a-1 construct yielded two distinct polypeptides as re-
vealed by 2D PAGE (Fig. 5), which we have recently shown
to be related via posttranslational geranylgeranylation [36].
The same results have been observed in the case of COS-1
cells transfected with the larger rab11a-2.3 cDNA (data not
shown), implying that both rab11a mRNAs are used as a
translation template in vivo.
Interestingly, careful analysis of the IEF (isoelectric focus-
ing) 2D gels shown in Fig. 5A,B, revealed that the overexpres-
sion of rab11a-1 in COS-1 cells leads to subtle changes in the
proteome expression pro¢le of the host, in particular of four
polypeptides that are indicated with thin arrows (upregulated
polypeptides a, b, c and d). Surprisingly, these polypeptides
which are unknown in the Aarhus keratinocyte database
(http://biobase.dk/cgi-bin/celis), corresponded to small GTP-
binding proteins as determined by the [K-32P]GTP blot over-
lay assay (Fig. 5C,D). Proteins A and B (indicated with open
arrowheads in Fig. 5C,D) correspond to unknown GTP-bind-
ing proteins found in most cell types and therefore may serve
as a reference for comparing the gels [37]. Presently, we have
some evidence indicating that the new polypeptide spots (a^d)
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Fig. 4. FISH mapping of RAB11A. a: Two chromosomes 15 show-
ing speci¢c FISH signals (arrows) on both chromatids following hy-
bridization with rab11a-2.3 cDNA, and with the simultaneously
DAPI-stained chromosomes. b: A chromosome ideogram [38] with
the localization of RAB11A based on the FLpter value and DAPI-
band pattern. The horizontal box indicates the variation in FLpter
values on individual chromosomes.
Fig. 5. Transient expression of rab11a in COS-1 cells. 2D PAGE
(IEF) gels of [35S]methionine labeled polypeptides from COS-1 cells
transfected with (A) pMT21 alone and (B) the pMT21-rab11a-1
construct. C and D: 2D gel [K-32P]GTP blot autoradiographs of
proteins from COS-1 cells transfected with (C) pMT21 alone and
(D) the pMT21-rab11a-1 construct. Proteins A and B correspond to
unknown GTP-binding proteins derived from the COS-1 cells that
may serve as reference for comparison. Large arrows indicate the
overexpressed Rab11a variants. Small arrows indicate the positions
of the additional protein spots (a^d) upregulated in the rab11a
transfected COS-1 cells. Only a section of the 2D gels is shown.
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are not derived by readthrough, or some unknown transcrip-
tional feature of the pMT21 vector. Sequence analysis of the
rab11a-1 cDNA revealed the presence of several termination
codons located within the open reading frame, three of them
being located less than 80 bp from the ¢rst stop codon at
position 741. It seems therefore unlikely that proteins a and
b, which have an apparent molecular weight of about 30^32
kDa, could be derived via a readthrough e¡ect. Also, the
appearance of these proteins cannot be explained by an un-
known transcriptional feature of the pMT21 vector, as two
other GTP-binding proteins, p21Hÿras and the ADP-ribosyla-
tion factor, when overexpressed in COS-1 cells do not yield
similar changes (data not shown). It is possible, however, that
spots c and d (Fig. 5), which exhibit nearly the same Mr but
di¡erent pI as the rab11a primary translation product, may be
derived by a yet unknown posttranslational modi¢cation(s) of
rab11a, but proteins a and b have apparent molecular weights
that are far too high to correspond to posttranslation mod-
i¢cations of this protein. Thus, the possibility must be consid-
ered that the upregulation (de novo synthesis or posttransla-
tional modi¢cation of preexisting proteins) of these
polypeptides is caused by the overexpression rab11a, opening
the exciting possibility that this protein may modulate the
expression levels of some GTP-binding proteins.
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